I. INTRODUCTION
The experiments with solar, atmospheric, reactor and accelerator neutrinos have provided compelling evidence for the existence of neutrino oscillations driven by nonzero neutrino masses and neutrino mixing (see recent reviews [1, 2, 3] and references therein). These results are impressive proof that neutrinos have a nonzero mass. However, the experiments studying neutrino oscillations are not sensitive to the nature of the neutrino mass (Dirac or Majorana) and provide no information on the absolute scale of the neutrino masses, since such experiments are sensitive only to the difference of the masses, ∆m 2 . The detection and study of neutrinoless double beta (0νββ) decay may clarify the following problems of neutrino physics (see discussions in [4, 5, 6] : (i) neutrino nature: whether the neutrino is a Dirac or a Majorana particle, (ii) absolute neutrino mass scale (a measurement or a limit on m 1 ), (iii) the type of neutrino mass hierarchy (normal, inverted, or quasidegenerate), (iv)
CP violation in the lepton sector (measurement of the Majorana CP-violating phases).
Double beta decay with the emission of two neutrinos (2νββ) is an allowed process of second order in the Standard Model. The 2νββ decays provide the possibility of an experimental determination of the nuclear matrix elements (NME) involved in the double beta decay processes. This leads to the development of theoretical schemes for NME calculations both in connection with the 2νββ decays as well as the 0νββ decays (see, for example, [7, 8, 9] [20, 21, 22] ). The 0νββ transition to excited states of daughter nuclei provide a clear-cut signature of such decays, and is worthy of a special note here. In addition to two electrons with fixed total energy, one (0 + → 2 + transition) or two (0 + → 0 + transition) photons appear, with their energies being strictly fixed. In a hypothetical experiment detecting all decay products with a high efficiency and a high energy resolution, the background can be reduced to nearly zero. This zero background idea will be the goal of future experiments featuring a large mass of the ββ sample (Refs. [20, 21, 23] ). In Ref. [24] it was mentioned that detection of this transition will give us the additional possibility of distinguishing the 0νββ mechanisms (the light and heavy Majorana neutrino exchange mechanisms, the trilinear R-parity breaking mechanisms etc. consisted of 2 cm of archeological lead, 10 cm of OFHC copper, and 15 cm of ordinary lead.
To remove 222 Rn gas, one of the main sources of the background, a special effort was made to minimize the free space near the detector. In addition, the passive shielding was enclosed in an aluminum box flushed with high-purity nitrogen.
The electronics consisted of currently available spectrometric amplifiers and a 8192 channel ADC. The energy calibration was adjusted to cover the energy range from 50 keV to 3.5
MeV, and the energy resolution was 2.0 keV for the 1332-keV line of 60 Co. The electronics were stable during the experiment due to the constant conditions in the laboratory (temperature of ≈ 23
• C, hygrometric degree of ≈ 50%). A daily check on the apparatus assured that the counting rate was statistically constant.
The current data of accepted values for different isotopes published in Nuclear Data
Sheets were used for analysis of the energy spectrum. The photon detection efficiency for each investigated process has been calculated with the CERN Monte Carlo code GEANT 
III. ANALYSIS AND RESULTS
A. Search for ββ processes in 150 Nd The transition is accompanied by two γ-rays with energies of 333.9 keV and 406.5 keV.
The detection photopeak efficiencies are equal to 2.30% at 333.9 keV and 2.29% at 406.5 keV. Fig. 3 and Fig. 4 There is also the cosmogenic isotope, 150 Eu (T 1/2 = 36.9 y), which decays to 150 Sm, with γ-rays of 333.9 keV (96%), 406.5 keV (0.14%), 439.4 keV (80%), 584.3 keV (52.6%). The line at 439.4 keV is within one standard deviation of the continuous background, therefore it can be taken into account as a systematic error. Table I presents the results of the analysis for the two peak energy ranges being studied.
A peak's shape is described by a gaussian with a standard deviation of 0.58 keV at 333.9 keV and 0.61 keV at 406.5 keV. For the analysis a peak's range is taken to within approximately four standard deviations (E±2σ), i.e., 94.82% of full peak at 333.9 keV and 92.75% of full peak at 406.5 keV. As one can see there is an excess of events for each peak. Summing the two peaks we obtain a signal of (177.5 ± 37.6) events, corresponding to a half-life of a Only 0ν decay mode b Half-life value for 2ν decay (see text for the details)
150 Sm. The limit has been calculated using the likelihood function described in Refs. 29, 30 which takes into account all the peaks identified above as background. This result together with available data on ββ decay of 150 Nd from other experimental works are presented in Table II . To search for these transitions one has to look for γ-rays with energies of 712.2, 921.5 and 1193.7 keV (Fig. 1) . As one can see from figures 5 and 6, there are no statistically significant peaks at these energies. Using the same technique as above [29, 30] the lower half-life limits are found within (4.7 − 8.0) · 10 20 y for the transitions (Table II) . Table II also presents other valuable data on these transitions. (Fig. 2) . Figures 5 and 6 show no statistically significant peaks at these energies. The lower half-life limits reported in Table III have been calculated using the same procedure as in section III A 2. Available data on ββ decay of 148 Nd from other experimental works are also presented in Table III .
IV. DISCUSSION
Because the technique used in the present work does not allow for a distinction between 0νββ and 2νββ decay, our result for double beta decay of 150 Nd to the excited 0 + 1 state in 150 Sm is the sum of the 0νββ and 2νββ processes. However we believe that we detected only the 2νββ decay. This conclusion is supported by two arguments. First, in the recent NEMO paper [31] 
